One aspect of the process of the induced synthesis of enzymes which is relatively amenable to experimental analysis is the role of the inducer. It has been established in a variety of cases that utilizability is not a necessary attribute of effective inducers. Thus, Spiegelman et al. (1947) demonstrated that maltose can induce maltase at pH values that preclude metabolism of the maltose by fully adapted yeast cells. Analogues of natural substrates have been employed for similar purposes. Thus, a-methyl glucoside can be shown to be an inducer of maltase at concentration levels at which utilization cannot be detected (Spiegelman, 1948) . Monod et al. (1951) have demonstrated similarly that melibiose, though not metabolizable by Escherichia coli, is nevertheless an extremely powerful inducer of,-galactosidase.
Such experiments eliminated interpretations of inducer function which demand active and detectable metabolic transformations of the inductor, such as might be required were induction to involve the accumulation of unique intermediates derived from the inducer, in the sense suggested by Leibowitz and Hestrin (1945) . The data do not exclude mechanisms which involve the conversion or fixation of a very small number of inducer molecules.
More pertinent to the purposes of the present paper, however, is the fact that these experiments leave open the question of whether inducers must form complexes, with the enzyme being formed as a sina qua non of induced synthesis of enzyme.
Much of the earlier and even some of the more recent (Mandelstam, 1952; Mandelstam and Yudkin, 1952) as a necesary concomitant of enzyme formation. Yudkin (1938) was the first to provide an explicit formulation of this concept, and he did so in terms of a mas action hypothesis in which a substrate by combining with enzyme drives the reaction toward the conversion of precursor into enzyme.
To explain the kinetics of enzyme synthesis which can be observed under certain conditions, and certain features of the transmision of enzyme forming capacity, Spiegelman (1945, 1946) was led to abandon the simple mass action theory and to suggest a modification which assumed that an autocatalytic element (the plasmagene) was involved in the synthetic process. Subsequently, Monod (1947) proposed an analogous hypothesis with however more restricted genetic autonomy than was inherent in the plasmagene theory. Both the Monod and the Spiegelman modifications, nevertheles, retained the central thesis that the inducer functioned by complexing with the enzyme. The retention of this concept was conditioned not only by its attractive simplicity, but also because it suggests an explicit explanation for the specificity which appeared to characterize the induction of enzyme synthesis. It possessed the added advantage of providing a concrete, and in principle, testable mechanism of at least one reasonably well defined portion of the inductive proces.
An uncomplicated application of the complexing concept leads to several predictions, the experimental violation of any one of which would require either its revision or complete abandonment. We may list some of these predictions as follows: (1) (1951) were the first to subject these questions to a systematic analysis employing the ,B-galactosidase system of E. coli. They reported violations of the first two predictions noted above. Thus, phenyl-,B-thiogalactoside was found to be a potent competitive inhibitor, both in vivo and in vitro of the j-galactosidase of E. coli. Despite this, it exhibited no inductive capacity and in addition actually showed itself to be an effective inhibitor of enzyme synthesis in the presence of such inducers as melibiose and methyl-j-galactoside.
Interesting information stems from the remarkable results obtained by Pollock (1950 Pollock ( , 1952 value on isolation of an enzyme makes conclusions drawn from such comparisons to that extent uncertain. Such modifications on isolation have in fact been realized in the case of ,B-galactosidase (Lederberg, 1950) and malic oxidase (Huennekens, 1951) . Cultures were incubated in the above medium in standing cotton plugged 125 ml Erlenmeyer flasks, containing 50 ml of medium. Unless otherwise specified all.incubations were carried out at 30 C, and exponential phase celLs were employed.
Conditiom of induction. In order to obtain rapid and effective enzyme synthesis, employing a-methyl glucoside as an inducer, it was found desirable to have the celLs suspended in a synthetic medium during the induction. Burkholder's (1934) medium was modified by removing the asparagin and adding 5.9 g of succinic acid to increase the buffering capacity. Then the medium was brought to pH 4.5 by the addition of KOH. Henceforth this medium will be referred to as medium B.
Inductions were conducted in medium B with the addition of various concentrations of glucose and a-methyl glucoside. They were carried out in large test tubes placed in a water bath at 30 C with stirring accomplished by bubbling either air or nitrogen, depending upon whether aerobic or anaerobic conditions were desired. In all cases the gas was saturated previously with water vapor.
Stabilization of enzyme content. To obviate the difficulty of enzyme synthesis in the course of assay for enzyme content, use was made of the discovery by Swenson and Giese (1950) (Halvorson and Spiegelman, 1952) .
Growth during the induction was checked by both direct and viable counts. Except for one aerobic experiment of over 3 hour duration, no detectable increase in cell number occurred during the period of the experiment. The reason for this stems from two facts. One is that exponential phase celLs harvested from the complete medium and inoculated into thesynthetic medium B have a lag of 2.5 hours. The other is that the densities routinely employed in the induction correspond to 2.5 X 108 cells per ml which is close to the stationary phase level of the organism.
RESULTS
Combining constant of a-methyl glucoside as an inducer of maltase. A study of the kinetics of induction with a-methyl glucoside has been made and is described elsewhere (Spiegelman and Halvorson, 1954, unpublished data 
Where K' is constant. The work of Pollock (1952) and of Pollock and Torriani (1953) provides support for both of these assumptions. 
From equation (7) 
Equation (7) (8)/(v) against (8) where (8) glucose employed the cells possessed some constitutive capacity for enzyme formation. Consequently, rates on inductor-free controls were always determined so that the values obtained in the presence of inducer could be corrected to those characteristic of external induction. Table 1 summarizes a typical set of results obtained in an aerobic induction, and figure 1 exhibits a Lineweaver-Burk (1934) plot of the data. From the latter it is evident that the response of the rate constant of enzyme formation to inducer concentration is described by the Michaelis-Menten relation. The K. value may be determined by the usual statistical procedures involving the method of least squares (Wilson et al., 1942) . K. 4 2cr was found to be 0.0016 :4 0.0002. Analogous experiments were carried out to determine the K. value for inductions carried out under anaerobic conditions. These experiments differed from the aerobic ones only in the fact that nitrogen rather than air was bubbled through the tubes. The results of a representative experiment are detailed in table 2. It will be noted from a comparison of tables 1 and 2 that anaerobiosis in the presence of an external energy supply does not affect materially the rate of enzyme formation. The rates attained at the various a-methyl glucoside concentrations under the two conditions are comparable. The data of table 2 yield K. i 2c of 0.0020 i 0.0002 which is in good agreement with that found in the aerobic experiments.
K. of a-methyl glucoside as an inhibitor of maltase. To make the needed comparison it was now necessary to determine the combining As noted earlier, all the experiments on inhibition of maltose fermentation with a-methyl glucoside were carried out with half-induced, ultraviolet stabilized cells, and the rates were determined manometrically at 30 C under anaerobic conditions.
It became apparent early that a-methyl glucoside was acting as a noncompetitive inhibitor since no concentration of maltase could achieve a complete reversal of the inhibitory effect. This property of the inhibition is exemplified in figure 3 which illustrates the inverse plot commonly employed to distinguish between the various types of inhibition (Umbreit et al., 1949) . It is evident that at both concentrations depicted both the slopes and the intercepts are modified as compared with the controls. This is the type of result characteristic of noncompetitive inhibition. Another method (Hunter and Downs, 1945) that an average value of 0.46 was found for Ki.
DISCUSSION
The experiments described in the present paper were designed to see whether inducer combined specifically with existing enzyme in inducing the synthesis of new enzyme molecules. This was accomplished in terms of a comparison of the dissociation contants of a-methyl glucoside as an inducer of maltase synthesis and as a complexant with the enzyme. An average K. value of 0.0020 M was found for its inductive activity anaerobically. This is to be compared with 0.46 M as its dissociation constant with enzyme. Evidently a-methyl glucoside has a 250-fold greater affinity for whatever structure it combines within its role as an inducer than it has for the enzyme molecule, the synthesis of which it can induce. These results are not in agreement with any simple interpretation of the often suggested mechanism of induction which requires that the inducer function as a specific complexant with enzyme as a primary and mandatory step in the induced synthesis of enzyme.
Experiments with two systems have, by now, provided interpretable data relevant to the role of the inducer in enzyme synthesis. They are #-galactosidase synthesis in E. coli (Lederberg, 1951; Monod et al., 1951) These results, along with others on the synthesis of ,-galactosidase, suggest the necessity of abandoning the complexing concept to explain the role and specificity of inducers in enzyme synthesis.
